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INTRODUCTION
In plant science, transient transformation systems are a time-efficient alternative to the generation of stable transgenic plant lines. Gene transfer is usually mediated by Agrobacterium tumefaciens (Krenek et al., 2015) , particle bombardment (Taylor and Fauquet, 2002) or after the generation of protoplasts (Negrutiu et al., 1987) . One aspect that has often been studied using these transient approaches is the subcellular localization of proteins, expressed as fusions to a fluorescent protein such as GFP.
Co-expression with marker proteins of known localization can be used to pin-point the localization of the investigated protein to a certain organelle (Nelson et al., 2007) . In some cases, autofluorescence (for example from chlorophyll in chloroplasts) or dyes can alternatively highlight specific organelles. 4 0 ,6-Diamidino-2-phenylindole, for example, is commonly used to stain the nucleus. As the localization of a protein is often independent of the cell type and the plant species, the results from an ectopic and/ or transgenic expression study are generally considered good evidence for localization of the protein in its native cell. In this context, particle bombardment of onion epidermal cells (Scott et al., 1999) or Agrobacterium-mediated transformation of Nicotiana benthamiana leaves (Wydro et al., 2006) are widely used. However, such an ectopic expression does not always tell the whole story. Proteins localized to the plasma membrane, for example, sometimes only target a certain area of the plasma membrane, as known, for example, for PIN proteins (Feraru and Friml, 2008) when expressed in their native cells. Another problem arises, when the protein is suspected to be targeted to an organelle that is not present in sufficient amounts in the cells commonly used for ectopic expression. Even though most of organelles occur in the majority of plant cells, this is not the case for lipid droplets (also referred to as oil bodies or oleosomes), at least not in an amount that would make localization studies reasonable.
Lipid droplets are special organelles, as they consist only of a membrane monolayer surrounding a hydrophobic core of neutral lipids, mostly triacylglycerol (Walther and Farese, 2012) . Lipid droplets are predominantly found in seeds, but are abundant in tapetum cells and pollen grains as well as pollen tubes and are present in nearly all plant cells, at least in small amounts (Chapman et al., 2012) . They were long considered as mere inert storage organelles (Walther and Farese, 2012) and knowledge about the mechanisms of their synthesis and breakdown in plants was solely based on work on their ultrastructure and the measurement of enzyme activities (Wanner et al., 1981; Huang, 1992) . This started to change with the direct identification of lipid droplet-associated proteins from isolated lipid droplets (Vance and Huang, 1987; Horn et al., 2013) or using genetic screens or sequence homology (Eastmond, 2006; James et al., 2010; Cai et al., 2015) .
Still, the number of proteins described remains small (Chapman et al., 2012) and little is known about the targeting mechanisms. This lack of knowledge is in part based on the fact that an easy transient transformation system to perform high-throughput screening of lipid droplet localization has not been available. It could be also the reason why most of the hundreds of candidates found in proteomics studies of lipid droplets from higher plants (Jolivet et al., 2004 (Jolivet et al., , 2009 Vermachova et al., 2011; Liu et al., 2015) and algae (Moellering and Benning, 2010; Nguyen et al., 2011) have, for the most part, never been validated using cell biological tools. In a study from Chlamydomonas reinhardtii, for example (Moellering and Benning, 2010) , about 100 proteins were detected in a lipid droplet-enriched fraction that were not found in any of the control cellular fractions. However, only one of these proteins was confirmed to localize to lipid droplets by the use of an antibody, and this was 5 years later (Tsai et al., 2015) .
Recently, a method was applied that uses transient transformation of BY-2 cells by particle bombardment (Horn et al., 2013) . While this method is fast, it requires the maintenance of a BY-2 cell line in sterile culture. In addition, these cells naturally contain only small amounts of lipid droplets and must be fed with fatty acids to induce lipid droplet accumulation. Alternatively, N. benthamiana leaves can be infiltrated by A. tumefaciens to express a protein of interest and the small number of lipid droplets in the leaf cells can be increased by the co-introduction of the seed-specific transcription factor LEAFY COTYLEDON2 (LEC2; Gidda et al., 2016) . While this system allows the investigation of lipid droplet targeting by proteins, the binary vectors used are of large size, making cloning more difficult.
Here, we present an alternative work-flow using a Gateway-based high-throughput cloning system (using newly designed vectors) followed by a transient transformation of Nicotiana tabacum pollen grains. The pollen from a few flowers was collected, rehydrated and transformed by particle bombardment. Then, this was re-suspended in a medium and placed directly on microscope slides. Here, pollen tubes grow out of the pollen grains, which naturally contain lipid droplets that can be stained by Nile Red or Bodipy 505/515.
This system is easy to use, very robust and leads to a large number of independent transformed cells. We successfully tested the system for proteins from Arabidopsis thaliana, Physcomitrella patens and C. reinhardtii. Therefore, tobacco pollen tubes present a useful model system for studying the lipid droplet localization of proteins of diverse plant origin. It could, for example, be used as a tool to validate proteomic results of past and future studies.
RESULTS AND DISCUSSION

Establishment of the cloning workflow
In order to establish a system for high-throughput cloning, we inserted a Gateway cassette into the vectors pUC-LAT52-mVenusC, pUC-LAT52-mVenusN and pUC-LAT52-mCherryC (M€ ahs et al., 2013; Steinhorst et al., 2015) , generating the vectors pLatMVC-GW, pLatMVN-GW and pLatMCC-GW. These vectors now contained a Lat52 promoter for a strong expression in pollen tubes (Twell et al., 1991) , the fluorophore mVenus or mCherry, a NOS-terminator and the Gateway cassette. While these vectors cannot be used for Agrobacterium-mediated transformation, they can be applied for particle bombardment and have the advantage of small size (about 4500 bp plus the introduced gene).
The genes of interest were introduced into these vectors in two ways (Figure 1 ; a list of primers is depicted in Table S1 in the Supporting Information). In the first approach, the genes were cloned using the common Gateway â BP workflow (Figure 1c ), a PCR followed by BP and LR Clonase ™ reactions. In the second approach, the genes were amplified by PCR using gene-specific primers containing an adapter sequence (a 21-bp part of the attL1 and attL2 sites, respectively; Figure 1a ). In a second PCR reaction, using the first PCR product as a template, the fulllength attL1 and attL2 sites were added using long (100 bp) universal primers ( Figure 1b) . The second PCR product could be directly used for LR reactions, circumventing the BP Clonase reaction in a similar way as in Fu et al. (2008) . This approach saves time and cost; microscopic images can therefore be achieved in principle in three working days once the primers for the first PCR have been obtained. We recommend this approach for the cloning of sequences smaller than 1500 bp.
Lipid droplet localization of proteins from Arabidopsis
As a first test of the system, we cloned two Arabidopsis genes from the oleosin family, AtOLE7 and AtOLE8 and one from the caleosin family, AtCLO6.
Interestingly, AtCLO6 was amplified from floral cDNA as an alternatively spliced variant different from the only proposed gene model At5g29560.1. In this alternative splicing, a smaller part of the last intron is spliced out, leading to a premature STOP codon and a shorter protein product missing the second predicted Ca 2+ -binding EF hand (Figure S1 ).
The obtained constructs were used for particle bombardment, and the transformed pollen tubes were monitored under a confocal microscope after 5-8 h. The transformation efficiency was always more than 100 independent cells and images of ten tubes were obtained in less than 1 h.
(For several examples of the observed transformation efficiency observed throughout this study see Figure S2 .) As mechanical wounding by the particle bombardment might result in changes in the number and morphology of lipid droplets we performed a mock transformation with pUC-LAT52-mVenusC. However, no obvious changes could be found in the transformed tubes compared with non-transformed tubes and tubes deriving from pollen directly resuspended in medium ( Figure S3 ).
In this context, we applied two staining procedures, combining mVenus-tagged proteins (AtOLE7, AtOLE8 and AtCLO6) with Nile Red (Figures 2d, b and 5a) and the mCherry-tagged AtOLE8 protein with Bodipy 505/515 (Figure 2a) . Both staining procedures worked well, and the lipid droplets could be easily identified.
All three of the proteins are so far unexplored, but as oleosins and caleosins are the major lipid droplet-associated proteins in seeds, localization at the lipid droplets was likely and could indeed be confirmed in our pollen tube system (Figures 2a, b, d and 5a) . The localization of AtOLE7-mVenus and AtOLE8-mVenus was always very clear and exclusively found at the lipid droplets, while in cells strongly expressing mVenus-AtCLO6, the protein was additionally found to a smaller extent in structures that Direct use for site-directed mutagenesis The genes were cloned for transient expression in tobacco pollen tubes using either the standard Gateway (c) or a 'fast Gateway' approach (a, b). In the standard approach, the coding sequence of interest is amplified adding the attB1 and attB2 sites followed by the BP and LR clonase reactions. In the fast approach, an adapter sequence is added with the gene-specific primer to amplify the coding region in a first PCR (a). In a second PCR reaction (b) the attL sites are added, using a non-gene-specific primer pair. The purified PCR product can then be directly used for the LR reaction. For a complete list of primers and cloning strategies used see Table S1 . probably represented the endoplasmic reticulum (ER) (Figure 5a ). We also tested AtOLE8 fused to an N-terminal mVenus. This protein was also targeted to lipid droplets ( Figure 2c ).
Our results indicate that pollen tubes appear to be a good system for studying the association of proteins from higher land plants with lipid droplets. Of course it is possible that some proteins associated, for example, with lipid droplets in seeds are unable to bind lipid droplets in pollen tubes. A reason for this might be that specific protein interaction factors are missing.
However, pollen tubes naturally contain lipid droplets and, similar to seeds, also coating proteins like oleosin (Kim et al., 2002) and caleosin (Jiang et al., 2008) . Other proteins, such as lipid droplet-associated proteins (LDAPs; Gidda et al., 2016) , are probably also present because one isoform shows high expression in Arabidopsis based on microarray data (Honys and Twell, 2004) . These proteins might be potentially important for the binding of a protein assayed for lipid droplet association.
Therefore, for some proteins, the system presented here might have an advantage over other transient expression systems like fatty acid-fed BY-2 cells (Horn et al., 2013) or N. benthamiana leaves expressing LEC2 (Gidda et al., 2016) , where lipid droplet synthesis is artificially induced and where the lipid droplets might not contain a 'natural' protein composition.
The method presented here, however, has the drawback that it requires access to a gene gun. It also has the disadvantage that lipid droplets move rapidly in the pollen tube. For this reason we fixed the cells with formaldehyde prior to microscopy. This enabled us to perform sequential scanning, avoiding bleed-through of the fluorescence from mVenus into the Nile Red channel or the fluorescence of Bodipy 505/514 into the mCherry channel ( Figure S4 ). Such a fixation would not be needed when using a confocal microscope that allows a rapid switch between two laser and filter sets after each scanned line rather than a whole frame.
Localization of Arabidopsis SEIPIN proteins
We also wanted to check if pollen tubes are a good model system for studying the localization of proteins that are less directly associated with lipid droplets, for example SEIPINs that localize at the lipid droplet-ER interface (Cai et al., 2015) . We cloned and expressed all three Arabidopsis isoforms in our system as fusions to mVenus (Figure 3) . While there sometimes seemed to be contact sites between the structures labelled by the SEIPINs and lipid droplets (Figure 3a , c, e), no final conclusion could be drawn as to whether these are lipid droplet-ER contact sites; also the SEIPINS did not appear to be enriched in these regions. All three AtSEIPIN-mVenus proteins showed overlapping localization with part of the structures highlighted by an ER-targeted protein (ERD2-eCFP; Lee et al., 1993; Figure 3b, d, f) . Also high transformation rates could be observed when the cells were co-transformed with two constructs (Figure S2) .
Over-expression of all three SEIPIN proteins also had a severe impact on pollen tube growth ( Figure S5 ). The pollen tubes were on an average much shorter, especially when SEIPIN2 and -3 were expressed. In the case of these two proteins this was probably due to premature cessation of growth as the pollen tube tips often showed bulging (Figures 3c, e and S5a).
Lipid droplet localization of proteins from other species
In order to check whether our methodology can be used for a broader variety of plant species, we cloned genes from P. patens and C. reinhardtii that encode for an uninvestigated homologue of oleosin (Phypa_80169) and the MLDP (major lipid droplet protein; Moellering and Benning, 2010) , respectively.
Both the fusion proteins PpOLE-mVenus and CrMLDPmVenus showed clear localization to lipid droplets stained with Nile Red (Figure 2f, h) ; CrMLDP was not exclusively targeted to the lipid droplets, being also targeted to regions probably in the cytosol. This result is similar to what was found in Chlamydomonas itself, when CrMLPD was detected with an antibody. There, the protein was also not exclusively found at the lipid droplets. (Tsai et al., 2015) .
Our system therefore proved to be feasible for the tested proteins from P. patens and C. reinhardtii. This fact also opens the method to a broader variety of plant species.
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(g) Figure 3 . Localization of SEIPIN proteins. The proteins were transiently expressed in tobacco pollen tubes, as a C-terminal fusion to the fluorescent protein mVenus. The tubes were cultivated for 5-7 h, fixed with formaldehyde and stained with Nile Red (a, c, e) or co-expressed with an endoplasmic reticulum-localized protein, AtERD2-eCFP, and fixed without staining (b, d, f). As a control, AtERD2-eCFP was expressed alone. Confocal images are representative for 10 pollen tubes per construct or construct combination. Bars = 10 lm.
Oleaginous algae that contain lipid droplets are a particular focus of current research (Li-Beisson and Peltier, 2013) and our method could support studies on how the lipid droplets are formed and degraded in algae, in particular when transformation protocols are difficult, time-consuming or unavailable.
In order to further test the combination of Bodipy 505/ 515 with mCherry, we tagged this fluorescent protein to PpOLE and CrMLDP and expressed the fusions in tobacco pollen tubes (Figure 2e, g ). Again, this approach led to similar results to those for the mVenus and Nile Red combination, showing that both combinations are suitable.
We also extended our study to proteins from the nonplant species Saccharomyces cerevisiae and Drosophila melanogaster that had previously been found in these species to be associated with lipid droplets. The two proteins from Drosophila, Brummer (Gronke et al., 2005) and Lsd-1 (lipid storage droplet-1, also called perilipin1; Beller et al., 2010) , bound to lipid droplets in at least a part of the transformed pollen tubes, but had a tendency to form aggregates (Figure 4) .
The yeast Seipin protein that is associated with ER-lipid droplet junctions (Szymanski et al., 2007; Grippa et al., 2015) , did not show localization at the lipid droplets in our system but was found in the cytosol ( Figure S6a ). This is somewhat surprising, as two of the three SEIPIN genes from Arabidopsis are able to partially complement the SEI-PIN deletion mutant ylr404wΔ of S. cerevisiae (Cai et al., 2015) , which hints at a conserved function.
Also two other proteins from yeast that have been previously shown to be associated with lipid droplets, ScGtt1p (Grillitsch et al., 2011) and ScTgl3p (Athenstaedt and Daum, 2003) , did not localize to lipid droplets in pollen tubes but displayed clear cytosolic localization (Figure S6b, c) . In addition, ScTgl3p was only very weakly expressed and could only be monitored by epifluorescence microscopy.
We conclude that pollen tubes do not present an optimal system for testing the lipid droplet association of proteins from non-plant species as they might be prone to misfolding or an inability to recognize the lipid droplet.
Amino acid exchanges in the proline knot of AtCLO6 do not alter its localization
So far little is known about how lipid droplets are recognized and bound by proteins in plants. The exchange of single or several amino acids in proteins could potentially help our understanding of the binding mechanisms.
Due to the small size of the expression vectors used here, individual codons can be easily altered by site-directed mutagenesis. We used this method to test if two proline residues in the proline knot of AtCLO6 (Figure 5d ) are essential for its lipid droplet localization. This highly conserved proline knot is speculated to anchor caleosins in the lipid droplet (Jiang and Tzen, 2010) . However, the exchange of neither of these residues (P116 and P125) to an alanine led to a change in the localization of the protein (Figure 5a-c) . This indicates that even though the proline knot might be important for a strong anchoring of caleosin to the lipid droplet, it might not be needed for its association with this organelle, or at least the exchange of one proline can be tolerated.
Peroxisomes and lipid droplets are not associated in tobacco pollen tubes
A problem of localization studies in germinating seedlings is that lipid droplets are often closely associated with glyoxysomes (Bewley et al., 2012) , leading to possible misinterpretation of targeting. In order to clarify if such a close interaction of lipid droplets and peroxisomes is also the case in tobacco pollen tubes, we expressed eCFP fused to a C-terminal SKL-sequence that is a known targeting signal for peroxisomes. The expression of this peroxisometargeted CFP variant led to the labelling of punctate structures that were distinct from lipid droplets and did not show any association with them ( Figure 6a ). To confirm that eCFP-SKL was localized at the peroxisomes as predicted, we co-expressed it with another protein, the 141-amino-acid N-terminal region of AtLACS6 (long chain acyl-CoA synthetase 6) fused to mVenus. This N-terminal region of LACS6 has previously been reported to be targeted to peroxisomes (Fulda et al., 2002) . In tobacco pollen tubes, it co-localized with eCFP-SKL ( Figure 6c ) and was also distinct from lipid droplets (Figure 6b ), strongly indicating that we were able to label peroxisomes and that these do not associate with lipid droplets. Because of this, peroxisome-targeted proteins should not be falsely interpreted as LD-bound proteins in our system.
EXPERIMENTAL PROCEDURES Creation of the Gateway vectors
The blunt end Gateway cassette (reading frame cassette B) was introduced into pUC-LAT52-mVenusC and pUC-LAT52-mCherryC, previously linearized with SmaI, and pUC-LAT52-mVenusN linearized with StuI. This way, the vectors pLatMVC-GW, pLatMVN-GW and pLatMCC-GW were created.
Primer design
For the generation constructs, there are three cloning strategies described: standard Gateway cloning, fast Gateway cloning (circumventing the BP-reaction by adding the attL sites directly by PCR) and site-directed mutagenesis. The primers were designed in the following way (for a complete list of primers and cloning strategies see Table S1 ):
(i) Standard Gateway cloning:
(ii) Fast Gateway cloning:
for the first PCR, the following primer pair was used: primer adapter forward, 5 0 -CTTTGTACAAAAAAGCAGGCT C (genespecific part)-3 0 and primer adapter reverse 5 0 -CTTTGTACAA-GAAAGCTGGGT C (gene-specific part)-3 0 . For the second PCR, the primers attL1 and attL2 were used independent of the gene amplified:
Traditional Gateway â cloning
The PCR was performed using Phusion High-Fidelity DNA Polymerase (Thermo Fisher Scientific, https://www.thermofisher.com/ ). The subsequent BP and LR reactions were carried out using the BP and LR Clonase mix II (Thermo Fisher Scientific) following the manufacturer's recommendations. However, in all BP or LR reactions, only a quarter of the recommended reaction mixture was used, leaving all concentrations the same. All products were transformed into chemically competent DH5a TM Escherichia coli cells (Taylor et al., 1993; Green and Sambrook, 2012) .
Fast Gateway â cloning
The first PCR was performed using gene specific primers. The PCR product was cleaned up via agarose gel electrophoresis and diluted 1:100 to serve as a template for the second PCR using the attL1 and attL2 primers. Again, the product was purified via an agarose gel and used directly for the subsequent LR reaction.
Site-directed mutagenesis
For the site-directed mutagenesis, we designed primers covering 15 bp in front and 15 bp behind the mutagenized base pair (see Table S1 ). The whole vector was amplified using the Phusion High-Fidelity DNA Polymerase in the following temperature programme: 98°C 2 min, (98°C 30 sec, 60°C 30 sec, 72°C 1 min kbp À1 ) 9 20, 72°C 10 min. Subsequently, the PCR product was digested with DpnI 
Cloning of eCFP-SKL and ERD2-eCFP
The eCFP-SKL peroxisome marker construct was created by first amplifying eCFP by PCR using the primers: CFP StuI for: 5 0 -GCA-TAGGCCTATGGTGAGCAAGGGCGAG-3 0 and CFP SKL SacI rev 5 0 -GCATGAGCTCCTACAATTTCGACTTGTACAGCTCGTCCATGCC-3 0 . In this way, the SKL coding sequence was added to the C-terminus. The PCR product was digested with StuI and SacI and moved into the pUC-LAT52-mVenusN, from which mVenus had been removed using the same restriction enzymes.
ERD2-eCFP was cloned from the vector pCat-ERD2-eCFP (generously provided by Dr Martin Fulda, Georg-August-University G€ ottingen, Germany) into the pLatGW vector (Ischebeck et al., 2008) using the restriction sites EcoRI and XbaI. pCat-ERD2-eCFP was created in the following way: The full-length ERD2 coding region was amplified from leaf cDNA adding the restriction sites BspHI to the 5 0 -end and NcoI to the 3 0 -end. After a restriction with BspHI and NcoI, the PCR product was ligated into the pCat-CFP vector (Fulda et al., 2002) linearized with NcoI.
All constructs used in this study were subject to full sequencing of the gene and its attachment sites to the promoter and the fluorophore. Sanger sequencing was performed by GATC Biotech AG (https://www.gatc-biotech.com/).
Gold precipitation
Gold precipitation was performed as previously described (Dracopoli et al., 1994) . In short, 60 mg of 1-lm gold particles were suspended in 70% ethanol and incubated for 15 min. Then, the particles were washed three times with water and re-suspended in 1 ml of 50% glycerol (w/v) in water. After this, 12.5 ll of the suspension was mixed with 8 lg of plasmid and the volume was made up with water to 75 ll. The plasmid can be obtained using common miniprep kits. However, the best transformation results were obtained in our hands with plasmid purified using the Plasmid Midikit from Quiagen (http://www.qiagen.com/).
The gold was vortexed for 5 sec, then 50 ll of 2.5 M CaCl 2 were added. Again, the gold was vortexed for 5 sec and 20 ll of 0.1 M spermidine was added (note that spermidine should be prepared fresh at least once a month for optimal transformation efficiency). The gold was vortexed again for 90 sec, spun down for 10 sec at 10 000 g and the supernatant removed. The gold was washed twice with 200 ll of 96% ethanol and resuspended in 30 ll of 96% ethanol.
Particle bombardment and pollen tube growth
Tobacco plants (we used Samsun NN) were grown in the greenhouse under 14 h of light. They gave around five newly opened flowers per day when in full bloom, making the transformation of one construct per day possible. Planting six plants every 3-4 weeks gave sufficient pollen material for three transformations per day, having flowering plants at all times.
For one transformation (the protocol was adapted from Kost et al., 1998) , the pollen from five flowers was collected shortly after anthesis and re-suspended in 2 ml of pollen tube (PT) medium (Read et al., 1993) by vortexing. The pollen was then pipetted onto a flat cellulose acetate filter (pore size 0.8 lm; Sartorius AG, https:// www.sartorius.com/) by vacuum using a standard vacuum filter device. The vacuum was applied throughout the pipetting process, creating a thin circular film of pollen grains with a diameter of about 2 cm. The filter was subsequently placed on 1.5-mm thick blotting paper of similar size soaked in PT-medium in a Petri dish.
The pollen was bombarded with the total amount of gold prepared as described above using rupture discs with a strength of 1350 psi at a distance of 6 cm. Then, the pollen on the area hit by the gold was scraped off using a small spatula and resuspended in 250 ll of PT medium. Finally, 60 ll of the suspension was spread on each of four microscope slides, which were placed in a growth box. This growth box consisted of a square Petri dish, a wet filter paper and wooden sticks that prevent direct contact of the microscope slides and the filter paper. The growth box was covered with wet paper towels and transferred to a Styrofoam box, which was closed to retain the humidity inside.
Staining, fixation and microscopy
After growing for 5-8 h, the pollen tubes were stained by the addition of 30 ll of 0.3 lg ml À1 Nile Red or 10 lg ml À1 Bodipy 505/515 in PT medium. A final concentration of 3% formaldehyde (v/v) was added to this staining solution to fix the pollen tubes.
Images were recorded using a Zeiss LSM 510 confocal microscope (Carl Zeiss Inc., http://www.zeiss.com/). mVenus and BOD-IPY 505/515 were excited at 488 nm and imaged using an HFT 405/ 514/633-nm major beam splitter (MBS) and detected at a wavelength of 507-539 nm; mCherry and Nile Red were excited at 561 nm and imaged using an HFT 405/488/561-nm MBS and detected at wavelengths of 582-636 or 571-593 nm, respectively. In the pollen tubes expressing eCFP-SKL and stained by Nile Red, eCFP was excited at 458 nm using an HFT 488/543-nm MBS and a 470-500 nm band pass filter, while Nile Red was excited at 543 nm using an HFT 488/543-nm MBS and a 560-615 nm band pass filter.
When eCFP-SKL and LACS6-mVenus were imaged together, the cells were also fixed with formaldehyde. eCFP was excited at 405 nm using an HFT 405/488/561-nm MBS and a 432-464 nm band pass filter, while mVenus was excited at 514 nm using an HFT 405/514/633-nm MBS and a 539-571 nm band pass filter.
Images were obtained at 630 9 magnification using the Zeiss LSM510 image acquisition system and software (v 4.0, Carl Zeiss Inc.) . Fluorescence light images were contrast-enhanced by adjusting brightness and c-settings using the same software.
Epifluorescence images were recorded with an ORCA-Flash 4.0 V2 camera (Hamamatsu Photonics, http://www.hamamatsu.c om/) mounted on a epifluorescence microscope (BX51, Olympus, http://www.olympus.com/) using a U-MF2 filter cube for mVenus fluorescence.
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